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Description

Background of the invention

[0001] The presentinvention refers to afluid distributor
assembly for a generic heat exchanger typology and,
more specifically, for a shell-and-tube heat exchanger.
Specifically, the invention relates to a heat exchanger as
defined in the preamble of claim 1 and as disclosed in
W0O2012/007344A2.

[0002] A heat exchanger is a device used to transfer
heat between two or more fluids. A shell-and-tube heat
exchanger usually comprises a plurality of tubes ar-
ranged parallel to each other in order to form one or more
tube bundles 100 (see figure 1). The tube bundle 100 is
axially inserted into a shell 102 having an elongated
shape and a cylindrical geometry. Afirst fluid, fed through
one or more first inlet pipes 104, flows inside the tube
bundle 100 and a second fluid, fed through at least one
second inlet pipe 106, flows inside the shell 102 in order
to perform heat exchange with the first fluid through the
walls of the tubes of the tube bundle 100.

[0003] The uniform distribution of the first fluid among
all the tubes of the tube bundle is one of the objectives
to be achieved in order to optimize the use of the heat
exchanger surface. According to the heat exchanger ty-
pology, the fluid distribution can be the distribution of a
refrigerant inside the tubes of a dry-expansion shell-and-
tube evaporator, or the uniform distribution of the second
fluid on the external surface of the tube bundle, e.g. the
distribution of the refrigerant upon the external surface
of the tubes in a falling-film shell-and-tube evaporator,
or, in the case of a compact heat exchanger, i.e. a plate
heat exchanger with open channels (also opened only
from the side of the fluid to be distributed), the fluid dis-
tribution among the different parallel channels and within
each channel. In case of the heat exchanger is an evap-
orator in which the fluid to be distributed is, for example,
a refrigerant in the two-phase vapor-liquid physical state,
the distribution of the fluid, both in terms of mass flow
rate and vapor quality for tube/channel/channel section,
is penalized by the different fluid-dynamic behavior be-
tween the two phases.

[0004] Heat exchangers are thus commonly provided
with fluid distribution systems having one or both of the
following objectives:

- toenlarge the refrigerant flow from a narrow section,
more or less corresponding to the section of the inlet
pipe(s) of the distribution system, to a wider section
that has an extension approximately corresponding
to the entire area in which are located the tubes or
channels to be fed, i.e. internally to the tubes or chan-
nels, as in the case of a shell-and-tube or plate/plate-
and-shell heat exchanger, or externally to the ex-
changing surface, as in the case of a falling film or
spray film evaporator with a shell-and-tube type con-
struction; and

10

15

20

25

30

35

40

45

50

55

- to generate a high pressure drop in the fluid to be
distributed, wherein said high pressure drop is com-
patible with the functionality of the plant that includes
the heat exchanger, so that the vapor quality at the
entrance of the distribution system is as low as pos-
sible. In this way, also the corresponding void-frac-
tion will have a lower value and the distribution of
the fluid will benefit of the increased content of liquid.
In the limit condition of vapor quality equal to zero,
the distribution efficiency will be maximum.

[0005] Incase of the fluid to be distributed is in a single-
phase state, both liquid or vapor, the introduction in the
distribution system of a high pressure drop localized at
the entrance of each tube/channel/channel section (for
example through orifices), wherein said high pressure
drop is much greater than those corresponding to the
crossing of the fluid along the entire heat exchanger
length inside the headers and tubes or channels, will en-
sure a good distribution because there will be less influ-
ence of the path length difference of the "path-lines" in
which the entire flow of the fluid is divided along the entire
heat exchanger length (inlet header, tube/channel, outlet
header). The generated pressure drop varies greatly with
the type of application, so primarily considering the re-
frigerant type, the mass flow rate, the vapor quality, the
temperature and/or the pressure.

[0006] Typical examples of fluid distribution systems
according to the prior art are shown in the attached fig-
ures 1to 11.Infigures 1 and 2 the fluid distribution system
consists of a flow-break disk 108 placed at the first fluid
inlet pipe 104. In figure 3 the fluid distribution system
consists of a flow-break perforated disk 110. In figures 4
and 5 the fluid distribution system consists of a pre-cham-
ber 112 obtained using a single perforated plate 114 ad-
herent to the tube-sheet, or placed at a certain distance
from the tube-sheet, with or without a flow-break perfo-
rated disk 110. In figures 6 and 7 the fluid distribution
system consists of a pre-chamber 112 obtained using a
single device 116 for each tube/channel/channel section
with calibrated orifice per device, with or without a flow-
break perforated disk 110. In figures 8 and 9 the fluid
distribution system consists of a pre-chamber 112 and
at least a subsequent chamber 118 obtained assembling
a number of perforated plates 120 (with a symmetric or
asymmetric holes distribution) at a predefined distance
from each other, with or without a flow-break perforated
disk 110. Finally, in figures 10 and 11 the fluid distribution
system consists of a pre-chamber 112 and a perforated
plate 122 with a capillary tube for each tube/chan-
nel/channel section, wherein an equalization chamber
124, formed between the perforated plate 122 and the
inlet header or tube-sheet, can be present or not.
[0007] Document US 9310143 of the same Applicant
describes a system for a distribution coolant fluid using
atleast two impingement plates with a plurality of through
holes placed in succession between each first inlet hole
and the tube plate. Mentions that typically the number of
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through holes in a second plate is equal to the number
of tubes and that the number of through holes of the first
plate can be greater, smaller or the same with the respect
to the number of tubes.

[0008] DocumentUS 6868695 describes a flow distrib-
utor for an evaporator having at least three perforated
plates defining chambers to ensure even distribution of
liquid refrigerant. Document US 2014/0223936 de-
scribes a construction of a refrigerant displacement array
consisting of a series of alternating spacers and perfo-
rated baffle plates. Document CN 102954628 describes
a liquid distributor for an evaporator having staggered
perforated distribution plates.

[0009] All the above fluid distribution systems accord-
ing to the prior art have more or less important draw-
backs. For example, fluid distribution systems of the type
shown in figures 1-3 may cause an inefficient distribution
of the fluid. With the fluid distribution systems of figures
4-7 an efficient distribution can be obtained only in a lim-
ited range of applications, due to a limit of manufacturing
at a low cost. The limit is linked to the possibility that a
single hole, or a single orifice, can have a size that can
be manufactured with a low cost technology (e.g. punch-
ing) and generate the required pressure drop for the spe-
cific application.

[0010] With the fluid distribution systems of figures 8
and 9 too an efficient distribution can be obtained only in
a limited range of applications, due to a limit of manufac-
turing at a low cost. In order to ensure that the perforated
plates with intermediate open chambers do not deform
under the effect of pressure, it would be necessary to
increase the thickness of the plates, thus making it diffi-
cult and expensive their drilling. Furthermore, with open
chambers it is impossible to keep under control the flow
of refrigerant that bypasses the holes of the perforated
plates, making highly inefficient the fluid distribution sys-
tem. This inefficiency is greater the more the distribution
system works with a high pressure drop. The bending of
the perforated plates under the pressure creates a con-
dition of variable geometry that makes it difficult the pre-
diction of the operation of the component.

[0011] With the fluid distribution systems of figures 10
and 11 a good fluid distribution can be obtained, but with
a high manufacturing cost due to the fixing process of
the various capillary tubes to the main plate. In this case,
the fluid distribution is efficient in a wider range of appli-
cations compared to previous solutions, but the full range
cannot be covered. In the special cases in which the re-
frigerant flow rate is very low, in order to obtain the useful
pressure drop to have a good distribution, very small
holes for the capillary tubes should be used, with the risk
of occluding so small holes. One possibility of solving the
problem would be to increase the length of the capillary
tube, butin this case there would be an equivalent waste
of useful length of the heat exchanger tubes, equivalent
to the distance between the tube-sheet and the terminal
position of the capillary within the tube. Anyway, all the
prior art fluid distribution systems according to figures
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1-11 can have the problem of reverse flow instability in
some particular operating conditions.

Summary of the invention

[0012] One object of the present invention is therefore
to provide a fluid distributor assembly for a heat exchang-
er device which is capable of resolving the above men-
tioned drawbacks of the prior artin a simple, inexpensive
and particularly functional manner.

[0013] In detail, one object of the present invention is
to provide a fluid distributor assembly for a heat exchang-
er which is capable of performing a good distribution of
the fluid.

[0014] Anotherobjectof the presentinvention is to pro-
vide a fluid distributor assembly for a heat exchanger
which is capable of providing a wide variability of config-
urations in the assembly phase of its sub-components,
in order to ensure an optimal solution for each specific
application in a wide possible range.

[0015] A further object of the present invention is to
provide a fluid distributor assembly for a heat exchanger
which is capable of maintaining a constant geometry dur-
ing operation.

[0016] Still another object of the present invention is
to provide a fluid distributor assembly for a heat exchang-
er which provides the possibility of assembling the sub-
components in order to minimize, or even eliminate, the
reverse flow instability problems.

[0017] These objects are achieved according to the
presentinvention by providing afluid distributor assembly
for a heat exchanger as set forth in the attached claims.
[0018] Further characteristics of the invention are un-
derlined by the dependent claims, which are an integral
part of the present description.

Brief description of the drawings

[0019] The characteristics and advantages of a fluid
distributor assembly for a heat exchanger according to
the present invention will be clearer from the following
exemplifying and non-limiting description, with reference
to the enclosed schematic drawings, in which:

figures 1-11 show different configurations of fluid dis-
tribution systems according to the prior art;

figure 12 is a schematic view of a preferred embod-
iment of the fluid distributor assembly for a heat ex-
changer according to the present invention;

figure 13 is an exploded view of the fluid distributor
assembly of figure 12;

figures 14 and 15 show the fluid distributor assembly
positioned in the inlet head of a dry expansion evap-
orator;

figure 16 shows a possible sealing configuration for
the plates of the fluid distributor assembly according
to the present invention;

figure 16A is an enlarged view of a detail of figure 16;
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figures 17A-17F show a number of possible config-
urations for the plates of the fluid distributor assem-
bly according to the present invention;

figures 18A-18F shows a number of possible config-
urations for ring-spacer elements of the fluid distrib-
utor assembly according to the present invention;
figure 19 shows a first possible configuration of the
plate holes of the fluid distributor assembly according
to the present invention;

figure 20 shows a second possible configuration of
the plate holes of the fluid distributor assembly ac-
cording to the present invention; and

figure 21 shows a third possible configuration of the
plate holes of the fluid distributor assembly according
to the present invention.

Detailed description of the preferred embodiment

[0020] With reference to figures 12-21, some embod-
iments of the fluid distributor assembly 10 for a heat ex-
changer according to the present invention are shown.
Such a heat exchanger is a shell-and-tube heat exchang-
er and is shown with illustrative but not limiting purposes.
The shell-and-tube heat exchanger is of the type com-
prising a plurality of tubes arranged parallel to each other
in order to form one or more tube bundles 100. Each tube
bundle 100 is axially inserted into a shell 102 having an
elongated shape and a cylindrical geometry. The tubes
ofthe tube bundle 100 can be of any shape, like U-shaped
or straight.

[0021] A first fluid, fed through one or more first inlet
pipes 104 obtained in a head portion 126 of the shell-
and-tube heat exchanger, flows inside the tube bundle
100 and a second fluid, fed through at least one second
inlet pipe 106, flows inside the shell 102 in order to per-
form heat exchange with the first fluid through the walls
of the tubes of the tube bundle 100. At least one end of
each tube of the tube bundle 100 is joined to an inlet
tube-sheet 128, disposed downstream of the head por-
tion 126 (with respect to the flow direction of the first fluid
entering the one or more first inlet pipes 104) and pro-
vided with respective tube-sheet bores 130 for inletting
the first fluid in the tubes of the tube bundle 100. The inlet
tube-sheet 128 thus separates the second fluid from the
first fluid.

[0022] The fluid distributor assembly 10 is placed at
the one or more first inlet pipes 104 and, more specifi-
cally, between the head portion 126 and the inlet tube-
sheet 128 of the shell-and-tube heat exchanger. The fluid
distributor assembly 10 consists in assembling an ade-
quate number, greater than or equal to two, of perforated
plates 12A, 12B, 12C, 12D, in such a way that in the
space between two subsequent plates 12A, 12B an
equalization closed chamber 14 is obtained. Each equal-
ization closed chamber 14 is provided with a hermetic
seal device 16 on the edges, in order to progressively
improve the fluid distribution efficiency in the passage
through each perforated plate 12A, 12B, 12C, 12D.
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[0023] Inotherwords, the fluid distributor assembly 10
is provided with a first perforated plate 12A, in turn pro-
vided with first through holes 20A, and with at least one
second perforated plate 12B, in turn provided with sec-
ond through holes 20B. The at least one second perfo-
rated plate 12B is disposed parallel and downstream of
the first perforated plate 12A with respect to the flow di-
rection A of the first fluid flowing into the first through
holes 20A and the second through holes 20B. Between
the first perforated plate 12A and the at least one second
perforated plate 12B a hermetic seal device 16 is dis-
posed. The first perforated plate 12A and the atleast one
second perforated plate 12B are spaced from each other,
in such a way that the first perforated plate 12A and the
at least one second perforated plate 12B, together with
the hermetic seal device 16, surround an equalization
chamber 14 of predefined depth, measured along the
flow direction A of the first fluid flowing into the first
through holes 20A and the second through holes 20B.
Each equalization chamber 14 is closed at the peripheral
edges of the first perforated plate 12A and of the at least
one second perforated plate 12B. The equalization
chamber 14 progressively improves the fluid distribution
efficiency in the passage through the first through holes
20A of the first perforated plate 12A and the second
through holes 20B of the at least one second perforated
plate 12B.

[0024] The hermetic seal device 16, and thus each
equalization chamber 14, can be obtained with different
construction ways, as it will be better explained herein-
after. For example, the hermetic seal device 16 can be
obtained with one or more ring-spacers 16A, 16B each
disposed between two subsequent perforated plates
12A, 12B, 12C, 12D at their peripheral edges. Each ring-
spacer 16A, 16B can be manufactured with a metallic,
or rubber, or plastic material. Each ring-spacer 16A, 16B
can be assembled with the corresponding perforated
plates 12A, 12B, 12C, 12D through a brazing, or welding,
or gluing process, or using gaskets or interference joints.
[0025] Preferably, the first through holes 20A of the
first perforated plate 12A are staggered with respect to
the second through holes 20B of the at least one second
perforated plate 12B. In general, the through holes 20A,
20B, 20C, 20D of two subsequent perforated plates 12A,
12B, 12C, 12D are staggered with respect to each other.
[0026] Additionally, the number of holes 20B of the at
least one second perforated plate 12B is equal to, or is
a multiple of, the number of the tubes of the tube bundle
100, or the number of the channels in case of a heat
exchanger provided with open channels. The holes 20B
of the at least one second perforated plate 12B are thus
placed at the inlet mouth of corresponding tubes or chan-
nels.

[0027] The correct number of perforated plates 12A,
12B, 12C, 12D to be assembled in the fluid distributor
assembly 10 should be selected according to the follow-
ing conditions:
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- the particular geometric configuration of the heat ex-
changer head portion 126 at which the fluid distrib-
utor assembly 10 will be placed;

- the specific range of operating conditions for which
the heat exchanger and the fluid distributor assembly
10 are designed, i.e. the refrigerant types, the mass
flow rate values and the required pressure drop to
have a low inlet vapor quality value;

- the minimum thickness of the perforated plates 12A,
12B, 12C, 12D in a specific geometry, such as to
ensure a negligible deformation under bending ac-
tions; and

- the minimum diameter of the through holes 20A,
20B, 20C, 20D that can be obtained on the perforated
plates 12A, 12B, 12C, 12D in an economic way once
defined the plate thickness.

[0028] Generally, the first two conditions are peculiar
and fixed for a specific type of shell-and-tube equipment
in a given wide field of use of a specific application (e.g.
dry expansion evaporators, single-pass tube, to be used
in refrigeration circuits with HFC/HF O refrigerants for air-
conditioning applications).

[0029] The fluid distributor assembly 10 according to
the present invention can be easily designed for an op-
timal fluid distribution system for each specific application
by simply changing the following parameters:

- the diameter of the through holes 20A, 20B, 20C,
20D of each perforated plate 12A, 12B, 12C, 12D;

- the thickness of each perforated plate 12A, 12B,
12C, 12D;

- the depth of each equalization chamber 14;

- thetotal number of perforated plates 12A, 12B, 12C,
12D and of the corresponding equalization cham-
bers 14 .

[0030] Due to the high number of variables involved,
it is possible, once the specific type of application and
the rough geometry of the heat exchanger are chosen,
to define and establish some parameters, in order to re-
duce the variables: the result will be a standardization of
the most expensive sub-components of the fluid distrib-
utor assembly 10. An example would be: establish the
number of perforated plates 12A, 12B, 12C and the
number of the corresponding equalization chambers 14,
establish the thickness of the perforated plates 12A, 12B,
12C and the depth of each equalization chamber 14,
whereas the diameter of the through holes 20A, 20B,
20C, 20D of each perforated plate 12A, 12B, 12C, 12D
is leftas the sole variable parameter of the fluid distributor
assembly 10.

[0031] If the manufacturing cost of the fluid distributor
assembly 10 will not be too affected, another possibility
could be to vary the thickness of the perforated plates
12A,12B, 12C, 12D in order to achieve the goal of having
high pressure drops. The thickness increase can be ob-
tained on each single perforated plate 12A, 12B, 12C,
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12D. Alternatively or additionally, as shown in figures 13
and 16, one or more of the perforated plates of the fluid
distributor assembly 10 can be obtained by the overlap
of two or more identical perforated sheets 12C, 12D, 12E
(figure 20) of low thickness, wherein each perforated
sheet 12C have through holes 20C of the same number,
with the same layout and, according to one preferred
embodiment, of the same diameter of the corresponding
through holes 20D, 20E of the other perforated sheets
12D, 12E.

[0032] With reference tofigures 12-15, a preferred em-
bodiment of the fluid distributor assembly 10 is provided
with a pre-chamber 22 interposed between the head por-
tion 126 of the heat exchanger and the first perforated
plate 12A of the fluid distributor assembly 10. At least a
gasket 18 is interposed between the head portion 126 of
the heat exchanger and the first perforated plate 12A of
the fluid distributor assembly 10. The gasket 18 sur-
rounds and seals the pre-chamber 22 with respect to the
head portion 126 of the heat exchanger and the first per-
forated plate 12A of the fluid distributor assembly 10.
[0033] The preferred embodiment of the fluid distribu-
tor assembly 10 thus comprises three perforated plates
12A, 12B and 12C-12D, wherein the third perforated
plate 12C-12D is obtained by the overlap of two identical
perforated sheets 12C and 12D. Two ring-spacers 16A
and 16B are respectively provided between the first per-
forated plate 12A and the second perforated plate 12B,
and between the second perforated plate 12B and the
third perforated plate 12C-12D. The ring-spacers 16A
and 16B form two corresponding equalization chambers
14.

[0034] Infigures 14 and 15 an example of positioning
of the fluid distributor assembly 10 in a head portion 126
or inlet head of a heat exchanger is shown. More specif-
ically, the head portion 126 is the inlet head of a shell-
and-tube dry-expansion evaporator.

[0035] The hermetic sealing of the equalization cham-
bers 14 shown in figures 12-15 is obtained by brazing
using copper foils. In this configuration the perforated
plates 12A, 12B, 12C, 12D and the ring-spacers 16A,
16B are manufactured with carbon steel material.
[0036] Another possible type of sealing between the
perforated plates 12A, 12B, 12C, 12D can be obtained
with a single resilient case 16 configured for surrounding
the peripheral edges of the first perforated plate 12A and
of the at least one second perforated plate 12B. The re-
silient case 16 is preferably manufactured with rubber
through a molding process. The resilient case 16 is pro-
vided with a plurality of inner peripheral grooves 24 in
which the peripheral edges of corresponding perforated
plates 12A, 12B, 12C, 12D can be housed. The particular
geometry of the resilient case 16 mold makes possible
that the same resilient case 16 acts as a spacer between
the subsequent perforated plates 12A, 12B, 12C, 12D,
creating the closed equalization chambers 14. This so-
lution is shown in figures 16 and 16A.

[0037] Both types of sealing assembly between the
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perforated plates 12A, 12B, 12C, 12D allow certain ad-
vantages in terms of manufacturing costs. Actually, it is
possible to couple together two or more perforated
sheets 12C, 12D, 12E of equal thickness and with a low
thickness with respect to the thickness of the perforated
plates 12A,12B, 12C, 12D, with the advantage of keeping
low the drilling costs (for example using punching instead
of laser). In case of assembly by brazing, each pair of
perforated sheets 12C, 12D, 12E can be joined at their
peripheral edges by a thin copper sheet, positioned be-
tween the two perforated sheets 12C, 12D, 12E before
brazing. The copper sheet is suitably shaped in such a
way that the molten copper in excess will not obstruct
the through holes 20C, 20D, 20E of the perforated sheets
12C, 12D, 12E.

[0038] In case of assembling using a resilient case 16,
appropriate plugs (not shown) that will work for interfer-
ence can be used to join together the perforated plates
12A, 12B, 12C, 12D. The plugs can be inserted into cor-
responding plug bores 26 obtained on the peripheral
edge of each perforated plate 12A, 12B, 12C, 12D, in
order to keep the correct contact, as well as the through
holes 20A, 20B, 20C, 20D alignment, between the cou-
pled perforated plates 12A, 12B, 12C, 12D.

[0039] It is possible to maintain a standardization of
the perforated plates 12A, 12B, 12C, 12D using the same
product code for different configurations. For example,
once some relevant dimensions of a heat exchanger
have been set out, i.e., in the case of a tube bundle heat
exchanger, once the diameter of the shell 102 and the
geometry of the inlet head portion 126 have been set out,
the fluid distributor assembly 10 will include a number of
configurations equal to the number of heat exchanger
embodiments that are obtained by varying the number
of the respective tubes or channels.

[0040] A number of configurations of the through holes
20A, 20B, 20C, 20D layout is available for each perforat-
ed plate 12A, 12B, 12C, 12D. For example, considering
the embodiments of figures 17A-17F, once the thickness
of each perforated plate 12A, 12B, 12C, 12D and the
depth of each equalization chamber 14 have been set
out, the through holes 20A, 20B, 20C, 20D number and
diameter for each perforated plate 12A, 12B, 12C, 12D
may be chosen. More specifically, the perforated plate
12A of figure 17A is provided with seven columns of
through holes 20A and is designed for a heat exchanger
having seven rows of tubes or channels. The perforated
plate 12A of figure 17B is provided with eight columns of
through holes 20A and is designed for a heat exchanger
having eight rows of tubes or channels. The perforated
plate 12A of figure 17C is provided with nine columns of
through holes 20A and is designed for a heat exchanger
having nine rows of tubes or channels. The perforated
plate 12A of figure 17D is provided with ten columns of
through holes 20A and is designed for a heat exchanger
having ten rows of tubes or channels. The perforated
plate 12A of figure 17E is provided with eleven columns
of through holes 20A and is designed for a heat exchang-
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er having eleven rows of tubes or channels. Finally, the
perforated plate 12A of figure 17F is provided with twelve
columns of through holes 20A and is designed for a heat
exchanger having twelve rows of tubes or channels.
[0041] Alternatively or in addition, a single number
and/or layout of through holes 20A, 20B, 20C, 20D of
each perforated plate 12A, 12B, 12C, 12D may be set
out. In this configuration, at least part of the ring-spacers
16A, 16B may be provided with at least one separation
wall 28 of variable height and length. Each separation
wall 28 is configured for reducing the volume of the re-
spective equalization chamber 14 and for covering at
least part of the through holes 20A, 20B, 20C, 20D of the
respective perforated plate 12A, 12B, 12C, 12D placed
downstream of said separation wall 28. Different layouts
of the ring-spacers 16A, 16B are thus possible.

[0042] For example, starting from the perforated plate
12A of figure 17F, the ring-spacer 16A of figure 18A has
a separation wall 28 that is designed to cover five col-
umns of through holes 20A of the fully perforated plate
12A. The ring-spacer 16A of figure 18B has a separation
wall 28 that is designed to cover four columns of through
holes 20A of the fully perforated plate 12A. Thering-spac-
er 16A of figure 18C has a separation wall 28 that is
designed to cover three columns of through holes 20A
of the fully perforated plate 12A. The ring-spacer 16A of
figure 18D has a separation wall 28 that is designed to
cover two columns of through holes 20A of the fully per-
forated plate 12A. The ring-spacer 16A of figure 18E has
a separation wall 28 that is designed to cover one column
of through holes 20A of the fully perforated plate 12A.
Finally, the ring-spacer 16A of figure 18F has no sepa-
ration walls 28: all the through holes 20A of a perforated
plate 12A placed downstream of said ring-spacer 16A
are thus fully uncovered.

[0043] Another advantage of a possible configuration
of the fluid distributor assembly 10 according the present
invention is due to the reduction, or even the elimination,
of the reverse flow instability problem that may occur in
some heat exchangers. For this purpose, at least part of
the through holes 20A, 20B, 20C, 20D of one or more
perforated plates 12A, 12B, 12C, 12D can have, instead
of a cylindrical-shape as shown in figure 19, a conical-
shape section that widens in the flow direction A of the
first fluid flowing into said through holes 20A, 20B, 20C,
20D. In other words, each of these through holes 20A,
20B, 20C, 20D forms a corresponding diverging conduit,
as shown in figure 20.

[0044] Each diverging conduit can be obtained by
punching or by laser machining for a single plate 12A,
12B, 12C, 12D. Alternatively or in addition, each diverg-
ing conduit can be obtained by coupling two or more per-
forated sheets 12C, 12D, 12E with the same number of
through holes 20C, 20D, 20E, wherein the diameter of
the holes 20C of a first perforated sheet 12C is smaller
than the diameter of the corresponding through holes
20D, 20E of the subsequent perforated sheets 12D, 12E,
with reference to the flow direction A of the first fluid flow-
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ing into said through holes 20C, 20D, 20E, as shown in
figure 21.

[0045] Itisthus seen that the fluid distributor assembly
for a heat exchanger according to the present invention
achieves the previously outlined objects.

[0046] The fluid distributor assembly for a heat ex-
changer of the present invention thus conceived is sus-
ceptible in any case of numerous modifications and var-
iants, all falling within the same inventive concept; in ad-
dition, all the details can be substituted by technically
equivalent elements. In practice, the materials used, as
well as the shapes and size, can be of any type according
to the technical requirements.

[0047] The protective scope of the invention is there-
fore defined by the enclosed claims.

Claims

1. Heat exchanger comprising a shell (102) having an
elongated shape and a cylindrical geometry, wherein
a first fluid, fed through one or more first inlet pipes
(104) obtained in a head portion (126) of the heat
exchanger, flows inside the shell (102) and a second
fluid, fed through at least one second inlet pipe (106),
flows inside the shell (102) in order to perform heat
exchange with the first fluid, and wherein the heat
exchanger also comprises a fluid distributor assem-
bly (10) placed at said one or more first inlet pipes
(104), the heat exchanger being characterized in
that the fluid distributor assembly (10) is provided
with a first perforated plate (12A), in turn provided
with first through holes (20A), and with at least one
second perforated plate (12B, 12C, 12D), in turn pro-
vided with second through holes (20B, 20C, 20D),
wherein the at least one second perforated plate
(12B, 12C, 12D) is disposed parallel and down-
stream of the first perforated plate (12A) with respect
to the flow direction (A) of the first fluid flowing into
the first through holes (20A) and the second through
holes (20B, 20C, 20D), the heat exchanger being
characterized in that between the first perforated
plate (12A) and the at least one second perforated
plate (12B, 12C, 12D) a hermetic seal device (16) is
disposed, and wherein the first perforated plate
(12A) and the at least one second perforated plate
(12B, 12C, 12D) are spaced from each other, in such
a way that the first perforated plate (12A) and the at
least one second perforated plate (12B, 12C, 12D),
togetherwith the hermetic seal device (16), surround
an equalization chamber (14) of predefined depth,
measured along the flow direction (A) of the first fluid
flowing into the first through holes (20A) and the sec-
ond through holes (20B, 20C, 20D), each equaliza-
tion chamber (14) being closed at the peripheral edg-
es of the first perforated plate (12A) and of the at
least one second perforated plate (12B, 12C, 12D).
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2,

Heat exchanger according to claim 1, characterized
in that at least a gasket (18) is interposed between
the head portion (126) and the first perforated plate
(12A), said gasket (18) surrounding and sealing a
pre-chamber (22) interposed between said head
portion (126) and said first perforated plate (12A).

Heat exchanger according to claim 1 or 2, charac-
terized in that it comprises a plurality of tubes ar-
ranged parallel to each other in order to form one or
more tube bundles (100), wherein each tube bundle
(100) is axially inserted into the shell (102) and
wherein the first fluid flows inside the tube bundle
(100) and the second fluid flows inside the shell (102)
in order to perform heat exchange with the first fluid
through the walls of the tubes of the tube bundle
(100).

Heat exchanger according to claim 3, characterized
in that at least one end of each tube of the tube
bundle (100) is joined to an inlet tube-sheet (128),
disposed downstream of the head portion (126), and
wherein the fluid distributor assembly (10) is placed
between the head portion (126) and the inlet tube-
sheet (128) .

Heat exchanger according to claim 3 or 4, charac-
terized in that the number of holes (20B) of the at
least one second perforated plate (12B) is equal to,
or is a multiple of, the number of the tubes of the
tube bundle (100), wherein the holes (20B) of said
atleastone second perforated plate (12B) are placed
at the inlet mouth of corresponding tubes of the tube
bundle (100).

Heat exchanger according to any claims 1 to 5, char-
acterized in that the hermetic seal device (16) con-
sists of one or more ring-spacers (16A, 16B) each
disposed between two subsequent perforated plates
(12A, 12B, 12C, 12D) at their peripheral edges.

Heat exchanger according to claim 6, characterized
in that at least part of the ring-spacers (16A, 16B)
is provided with at least one separation wall (28) of
variable height and length, each separation wall (28)
being configured for reducing the volume of the re-
spective equalization chamber (14) and for covering
at least part of the through holes (20A, 20B, 20C,
20D) of the respective perforated plate (12A, 12B,
12C, 12D) placed downstream of said separation
wall (28).

Heat exchanger according to any claims 1to 5, char-
acterized in that the hermetic seal device (16) con-
sists of a single resilient case (16) configured for sur-
rounding the peripheral edges of the first perforated
plate (12A) and of the at least one second perforated
plate (12B, 12C, 12D).
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Heatexchangeraccording to claim 8, characterized
in that the resilient case (16) is provided with a plu-
rality of inner peripheral grooves (24) in which the
peripheral edges of corresponding perforated plates
(12A, 12B, 12C, 12D) are housed.

Heatexchangeraccording to any claims 1t0 9, char-
acterized in that the first through holes (20A) of the
first perforated plate (12A) are staggered with re-
spect to the second through holes (20B, 20C, 20D)
ofthe atleast one second perforated plate (12B, 12C,
12D).

Heat exchanger according to any claims 1 to 10,
characterized in that one or more of the perforated
plates (12A, 12B, 12C, 12D) are obtained by the
overlap of two or more perforated sheets (12C, 12D,
12E), wherein each perforated sheet (12C) have
through holes (20C) of the same number and with
the same layout of the corresponding through holes
(20D, 20E) of the other perforated sheets (12D, 12E).

Heat exchanger according to claim 11, character-
ized in that each perforated sheet (12C) have
through holes (20C) of the same diameter of the cor-
responding through holes (20D, 20E) of the other
perforated sheets (12D, 12E).

Heat exchanger according to claim 11, character-
ized in that the diameter of the holes (20C) of a first
perforated sheet (12C) is smaller than the diameter
of the corresponding through holes (20D, 20E) of the
subsequent one or more perforated sheets (12D,
12E), with reference to the flow direction (A) of the
first fluid flowing into said through holes (20C, 20D,
20E), in such a way that said through holes (20C,
20D, 20E) form a corresponding diverging conduit.

Heat exchanger according to any claims 1 to 13,
characterized in that at least part of the through
holes (20A, 20B, 20C, 20D) of one or more perforat-
ed plates (12A, 12B, 12C, 12D) has a conical-shape
section that widens in the flow direction (A) of the
first fluid flowing into said through holes (20A, 20B,
20C, 20D), in such a way that each of said through
holes (20A, 20B, 20C, 20D) forms a corresponding
diverging conduit.

Patentanspriiche

1.

Warmetauscher mit einer Hiille (102), welche eine
langgestreckte Form und eine zylindrische Geome-
trie aufweist, wobei ein erstes Fluid, welches durch
eine oder mehrere erste Einlassrohre (104), die sich
in einem Kopfteil (126) des Warmetauschers befin-
den, gefuhrt wird, innerhalb der Hlle (102) flieRt und
ein zweites Fluid, welches durch wenigstens ein
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zweites Einlassrohr (106) gefihrt wird, innerhalb der
Hulle (102) flieRt, um einen Warmetausch mit dem
ersten Fluid durchzufiihren, und bei dem der War-
metauscher auch eine Fluidverteileranordnung (10)
beinhaltet, die an dem einen oder mehreren Einlass-
rohren (104) angeordnet ist, wobei die Fluidvertei-
leranordnung (10) mit einer ersten perforierten Platte
(12A) versehen ist, welche wiederum mit ersten
Durchgangsléchern (20A) versehen ist, und mit we-
nigstens einer zweiten perforierten Platte (12B, 12C,
12D), welche wiederum mit zweiten Durchgangsl|o-
chern (20B, 20C, 20D) versehen ist, wobei die we-
nigstens eine zweite perforierte Platte (12B, 12C,
12D) in Bezug auf die Stromungsrichtung (A) des
ersten Fluids, welches in die ersten Durchgangslo-
cher (20A) und die zweiten Durchgangslécher (20B,
20C, 20D) flief3t, parallel zu und stromabwarts der
ersten perforierten Platte (12A) angeordnet ist, wo-
bei der Warmetauscher dadurch gekennzeichnet
ist, dass zwischen der ersten perforierten Platte
(12A)und der wenigstens einen zweiten perforierten
Platte (12B, 12C, 12D) eine hermetisch abdichtende
Vorrichtung (16) angeordnet ist, und wobei die erste
perforierte Platte (12A) und die wenigstens eine
zweite perforierte Platte (12B, 12C, 12D) derart von-
einander beabstandet sind, dass die erste perforier-
te Platte (12A) und die wenigstens eine zweite per-
forierte Platte (12B, 12C, 12D), zusammen mit

der hermetisch abdichtenden Vorrichtung (16), eine
Ausgleichskammer (14) vorgegebener Tiefe, ge-
messen entlang der Strdmungsrichtung (A) des ers-
ten Fluids, welches in die ersten Durchgangsldcher
(20A) und die zweiten Durchgangslécher (20B, 20C,
20D) flieRt, umgeben, wobei jede Ausgleichskam-
mer (14) an den Umfangskanten der ersten perfo-
rierten Platte (12A) und der wenigstens einen zwei-
ten perforierten Platte (12B, 12C, 12D) geschlossen
ist.

Warmetauscher nach Anspruch 1, dadurch ge-
kennzeichnet, dass zwischen dem Kopfteil (126)
und der ersten perforierten Platte (12A) wenigstens
eine Dichtung (18) eingefiigt ist, wobei die Dichtung
(18) eine Vorkammer (22), die zwischen dem Kopf-
teil (126) und der ersten perforierten Platte (12A) ein-
geflgt ist, umgibt und abdichtet.

Warmetauscher nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass er eine Mehrzahl von Roh-
ren, die parallel zueinander angeordnet sind, um ein
oder mehrere Rohrbiindel (100) zu bilden, beinhal-
tet, wobei jedes Rohrbiindel (100) axial in die Hille
(102) eingefiihrt ist und wobei das erste Fluid inner-
halb des Rohrbiindels (100) flieBt und das zweite
Fluid innerhalb der Hiille (102) flie3t, um einen War-
metausch mit dem ersten Fluid durch die Wande der
Rohre des Rohrbiindels (100) durchzufiihren.
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Warmetauscher nach Anspruch 3, dadurch ge-
kennzeichnet, dass wenigstens ein Ende jedes
Rohrs des Rohrbiindels (100) mit einer Einlassrohr-
platte (128), die stromabwarts des Kopfteils (126)
angeordnet ist, verbunden ist, und wobei die Fluid-
verteileranordnung (10)zwischen dem Kopfteil (126)
und der Einlassrohrplatte (128) angeordnet ist.

Warmetauscher nach Anspruch 3 oder 4, dadurch
gekennzeichnet, dass die Anzahl der Lécher (20B)
der wenigstens einen zweiten perforierten Platte
(12B) gleich, oder ein Mehrfaches, der Anzahl der
Rohre des Rohrbiindels (100) ist, wobei die Lécher
(20B) der wenigstens einen zweiten perforierten
Platte (12B) an der Einlassmiindung entsprechen-
der Rohre des Rohrbiindels (100) angeordnet sind.

Warmetauscher nach einem beliebigen der Ansprii-
che 1bis 5, dadurch gekennzeichnet, dass die her-
metisch abdichtende Vorrichtung (16) aus einem
oder mehreren Ringdistanzhaltern (16A, 16B) be-
steht, von denen jeder zwischen zwei aufeinander-
folgenden perforierten Platten (12A, 12B, 12C, 12D)
an deren Umfangskanten angeordnet sind.

Warmetauscher nach Anspruch 6, dadurch ge-
kennzeichnet, dass zumindest ein Teil der Ringdis-
tanzhalter (16A, 16B) mit wenigstens einer Trenn-
wand (28) variabler Hé6he und Lange versehen ist,
wobei jede Trennwand (28) so ausgelegt ist, dass
sie das Volumen der entsprechenden Ausgleichs-
kammer (14) vermindert und wenigstens einen Tell
der Durchgangslécher (20A, 20B, 20C, 20D) der ent-
sprechenden perforierten Platte (12A, 12B, 12C,
12D), die stromabwarts der Trennwand (28) ange-
ordnet ist, abdeckt.

Warmetauscher nach einem beliebigen der Ansprii-
che 1bis 5, dadurch gekennzeichnet, dass die her-
metisch abdichtende Vorrichtung (16) aus einem
einzelnen elastischen Gehause (16) besteht, das so
ausgelegtist, dass es die Umfangskanten der ersten
perforierten Platte (12A) und der wenigstens einen
zweiten perforierten Platte (12B, 12C, 12D) umgibt.

Warmetauscher nach Anspruch 8, dadurch ge-
kennzeichnet, dass das elastische Gehause (16)
mit einer Mehrzahl von inneren Umfangsnuten (24)
versehen ist, in denen die Umfangskanten entspre-
chender perforierter Platten (12A, 12B, 12C, 12D)
untergebracht sind.

Warmetauscher nach einem beliebigen der Ansprii-
che 1bis 9, dadurch gekennzeichnet, dass die ers-
ten Durchgangslocher (20A) der ersten perforierten
Platte (12A) in Bezug auf die zweiten Durchgangs-
I6cher (20B, 20C, 20D) der wenigsten einen zweiten
perforierten Platte (12B, 12C, 12D) versetzt sind.
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1.

12.

13.

14.

Warmetauscher nach einem beliebigen der Anspri-
che 1 bis 10, dadurch gekennzeichnet, dass eine
oder mehrere der perforierten Platten (12A, 12B,
12C, 12D) durch das Uberlappen von zwei oder
mehr Lochblechen (12C, 12D, 12E) erhalten wer-
den, wobei jedes Lochblech (12C) Durchgangslé-
cher (20C) von derselben Anzahl und der gleichen
Gestaltung wie die entsprechenden Durchgangsl6-
cher (20D, 20E) der anderen Lochbleche (12D, 12E)
aufweist.

Warmetauscher nach Anspruch 11, dadurch ge-
kennzeichnet, dass jedes Lochblech (12C) Durch-
gangslocher (20C) desselben Durchmessers wie die
entsprechenden Durchgangslocher (20D, 20E) der
anderen Lochbleche (12D, 12E) aufweist.

Warmetauscher nach Anspruch 11, dadurch ge-
kennzeichnet, dass der Durchmesser der Locher
(20C) eines ersten Lochblechs (12C) kleiner ist als
der Durchmesser der entsprechenden Durchgangs-
I6cher (20D, 20E) des nachfolgenden einen oder
mehreren Lochblechs (12D, 12E), mit Bezug auf die
Stréomungsrichtung (A) des ersten Fluids, welches
in die Durchgangsldcher (20C, 20D, 20E) flief3t, der-
art, dass die Durchgangslécher (20C, 20D, 20E) eine
entsprechende auseinandergehende Leitung bil-
den.

Warmetauscher nach einem beliebigen der Anspri-
che 1 bis 13, dadurch gekennzeichnet, dass we-
nigstens ein Teil der Durchgangslécher (20A, 20B,
20C, 20D) einer oder mehrerer perforierter Platten
(12A, 12B, 12C, 12D) einen konisch geformten Ab-
schnitt aufweist, der sich in der Strdmungsrichtung
(A) des ersten Fluids, welches in die Durchgangslo-
cher (20A, 20B, 20C, 20D) flie3t, aufweitet, derart,
dass jedes der Durchgangslocher (20A, 20B, 20C,
20D) eine entsprechende auseinandergehende Lei-
tung bildet.

Revendications

Echangeur de chaleur comprenant une coque (102)
présentant une forme allongée et une géométrie cy-
lindrique, dans lequel un premier fluide, alimenté au
travers des un ou plusieurs premiers tuyaux d’entrée
(104) obtenus dans une portion de téte (126) de
I’échangeur de chaleur, s’écoule a l'intérieur de la
coque (102) et un second fluide, alimenté au travers
d’au moins un second tuyau d’entrée (106), s’écoule
a l'intérieur de la coque (102) afin de réaliser un
échange de chaleur avec le premier fluide, et dans
lequel I'échangeur de chaleur comprend aussi un
ensemble de distributeur de fluide (10) placé au ni-
veau desdits un ou plusieurs premiers tuyaux d’en-
trée (104), dans lequel 'ensemble de distributeur de
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fluide (10) est doté d’'une premiére plaque perforée
(12A), dotée a son tour de premiers trous (20A) tra-
versants, et d’au moins une seconde plaque perfo-
rée (12B, 12C, 12D), dotée a son tour de seconds
trous (20B, 20C, 20D) traversants, dans lequel I'au
moins une seconde plaque perforée (12B, 12C, 12D)
est disposée parallelement et en aval de la premiéere
plaque perforée (12A) par rapport a la direction de
flux (A) du premier fluide s’écoulant dans les pre-
miers trous (20A) traversants et les seconds trous
(20B, 20C, 20D) traversants, '’échangeur de chaleur
étant caractérisé en ce qu’entre la premiere plaque
perforée (12A) et 'au moins une seconde plaque
perforée (12B, 12C, 12D) un dispositif étanche her-
métique (16) est disposé, et dans lequel la premiére
plaque perforée (12A) et 'au moins une seconde
plaque perforée (12B, 12C, 12D) sont espacées
'une de I'autre de telle maniére que la premiére pla-
que perforée (12A) etI'au moins une seconde plaque
perforée (12B, 12C, 12D), conjointement avec le dis-
positif étanche hermétique (16), entourent une
chambre d’égalisation (14) de profondeur prédéfinie,
mesurée le long de la direction de flux (A) du premier
fluide s’écoulant dans les premiers trous (20A) tra-
versants et les seconds trous (20B, 20C, 20D) tra-
versants, chaque chambre d’égalisation (14) étant
fermée au niveau des arétes périphériques de la pre-
miére plaque perforée (12A) et de I'au moins une
seconde plaque perforée (12B, 12C, 12D).

Echangeur de chaleur selon la revendication 1, ca-
ractérisé en ce qu’au moins un joint étanche (18)
est interposé entre la portion de téte (126) et la pre-
miére plaque perforée (12A), ledit joint étanche (18)
entourant et rendant étanche une préchambre (22)
interposée entre ladite portion de téte (126) et ladite
premiere plaque perforée (12A).

Echangeur de chaleur selon la revendication 1 ou 2,
caractérisé en ce qu’il comprend une pluralité de
tubes agencés parallelement les uns aux autres afin
de former un ou plusieurs faisceaux de tube (100),
dans lequel chaque faisceau de tube (100) est axia-
lement inséré dans la coque (102) et dans lequel le
premier fluide s’écoule a l'intérieur du faisceau de
tube (100) et le second fluide s’écoule a l'intérieur
de la coque (102) afin de réaliser un échange de
chaleur avec le premier fluide au travers des parois
des tubes du faisceau de tube (100).

Echangeur de chaleur selon la revendication 3, ca-
ractérisé en ce qu’au moins une extrémité de cha-
que tube du faisceau de tube (100) est jointe a une
feuille de tube d’entrée (128), disposée en aval de
la portion de téte (126), et dans lequel 'ensemble
dedistributeur de fluide (10) est placé entre la portion
de téte (126) et la feuille de tube d’entrée (128).
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10.

1.

Echangeur de chaleur selon la revendication 3 ou 4,
caractérisé en ce que le nombre de trous (20B) de
I’'au moins une seconde plaque perforée (12B) est
égal, ou est un multiple du nombre de tubes du fais-
ceau de tube (100), dans lequel les trous (20B) de
ladite au moins une seconde plaque perforée (12B)
sontplacés au niveau de labouche d’entrée de tubes
correspondants du faisceau de tube (100).

Echangeur de chaleur selon I'une quelconque des
revendications 1 a 5, caractérisé en ce que le dis-
positif étanche hermétique (16) se compose des un
ou plusieurs écarteurs annulaires (16A, 16B) dispo-
sés chacun entre deux plaques perforées (12A, 12B,
12C, 12D) suivantes au niveau de leurs arétes pé-
riphériques.

Echangeur de chaleur selon la revendication 6, ca-
ractérisé en ce qu’au moins une partie des écar-
teurs annulaires (16A, 16B) est dotée d’au moins
une paroi de séparation (28) de hauteur et longueur
variables, chaque paroide séparation (28) étant con-
figurée pour réduire le volume de la chambre d’éga-
lisation (14) respective et pour couvrir au moins une
partie des trous (20A, 20B, 20C, 20D) traversants
de la plaque perforée (12A, 12B, 12C, 12D) respec-
tive placée en aval de ladite paroi de séparation (28).

Echangeur de chaleur selon I'une quelconque des
revendications 1 a 5, caractérisé en ce que le dis-
positif étanche hermétique (16) se compose d’un
seul boitier résilient (16) configuré pour entourer les
arétes périphériques de la premiéere plaque perforée
(12A) et de 'au moins une seconde plaque perforée
(12B, 12C, 12D) .

Echangeur de chaleur selon la revendication 8, ca-
ractérisé en ce que le boitier résilient (16) est doté
d’une pluralité de rainures périphériques intérieures
(24)dans lesquelles les arétes périphériques de pla-
ques perforées (12A, 12B, 12C, 12D) correspondan-
tes sont logées.

Echangeur de chaleur selon I'une quelconque des
revendications 1 a 9, caractérisé en ce que les pre-
miers trous (20A) traversants de la premiére plaque
perforée (12A) sont échelonnés par rapport aux se-
conds trous (20B, 20C, 20D) traversants de l'au
moins une seconde plaque perforée (12B, 12C,
12D).

Echangeur de chaleur selon I'une quelconque des
revendications 1 a 10, caractérisé en ce qu’une ou
plusieurs des plaques perforées (12A, 12B, 12C,
12D) sont obtenues par le recouvrement de deux ou
plusieurs feuilles perforées (12C, 12D, 12E), dans
lequel chaque feuille perforée (12C) présente des
trous (20C) traversants du méme nombre et avec la
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méme disposition des trous (20D, 20E) traversants
correspondants des autres feuilles perforées (12D,
12E).

Echangeur de chaleur selon la revendication 11, ca-
ractérisé en ce que chaque feuille perforée (12C)
présente des trous (20C) traversants du méme dia-
métre des trous (20D, 20E) traversants correspon-
dants des autres feuilles perforées (12D, 12E).

Echangeur de chaleur selon la revendication 11, ca-
ractérisé en ce que le diametre des trous (20C)
d’une premiére feuille perforée (12C) est inférieur au
diameétre des trous (20D, 20E) traversants corres-
pondants des une ou plusieurs feuilles perforées
(12D, 12E) suivantes, en référence a la direction de
flux (A) du premier fluide s’écoulant dans lesdits
trous (20C, 20D, 20E) traversants de telle maniére
que lesdits trous (20C, 20D, 20E) traversants for-
ment un conduit divergeant correspondant.

Echangeur de chaleur selon I'une quelconque des
revendications 1 a 13, caractérisé en ce qu’au
moins une partie des trous (20A, 20B, 20C, 20D)
traversants des une ou plusieurs plaques perforées
(12A, 12B, 12C, 12D) présente une section conique
qui s’élargit dans la direction de flux (A) du premier
fluide s’écoulant dans lesdits trous (20A, 20B, 20C,
20D) traversants de telle maniére que chacun des-
dits trous (20A, 20B, 20C, 20D) traversants forme
un conduit divergeant correspondant.
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